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METHOD AND APPARATUS FOR PRODUCTION
OF A METAL FROM METALLIC OXIDE ORE

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to the electrolytic production
of a metal from metallic oxide using a salt bath. More
particularly, the invention relates to continuously pro-
ducing a metallic halide using a unique anode under
compression while depositing the metal at the cathode.
More particularly, alumina is deposited by electrolytic
deposition from the alumina oxide using energy-saving
low electrical potentials.

Production of a metallic product by electrolysis may
be iliustrated by reference to the production of alumi-
num. The commercial production of aluminim is typi-
cally accomplished by the Hall-Heroult process. In this
process, the purified source of alumina is dissolved in a

n)

10

15

molten all-fluoride salt solvent particularly consisting of 20

cryolite, and then reduced -electrolytically with a
formed carbon anode according to the reaction:

$A1034+3C+3e—Al+3CO;

$1A1h03+43/2C+3e——Al+3/2CO.

Four characteristics of the Hall-Heroult process in-
clude: (1) carbon dioxide being produced and a carbon

23

anode being consumed at the rate of 0.33:1 pound of 3p

carbon per pound of aluminum produced, which results
in a required continual movement of the formed carbon
anode downwardly toward the cathode aluminum pool
at the bottom of the cell to maintain constant spacing
for uniform aluminum production and thermal balance
in the cell; (2) the need to feed intermittently and evenly
solid alumina in a limited concentration range to the
open cell to maintain peak efficiency of operation and in

order to avoid the anode defects; (3) severe corrosion of

the cell materials due to high temperatures of 950° to
1000° C. in the fluoride bath resulting in low cell life and
icreased labor; and (4) cell power efficiency is limited
to less than 50% since a carbon-anode-to-liquid-
aluminum distance greater than one inch to reduce
magnetic fields’ undulation of the aluminum layer
which would cause intermittent shorting and result in
Faradaic losses due to a back reaction of aluminum
droplets with carbon dioxide to produce alumina.

It 1s known that, in the Hall-Heroult cell reaction, the
carbon of the anode contributes to the overall reaction
of winning aluminim by decreasing the decomposition
voltage. For example, the decomposition of A1,03 in
cryolite on a platinum anode is about 2.2 volts, but on a

carbon electrode the decomposition voltage is about 1.2
volts.

In the all-fluoride-containing bath, the alumina will
dissolve in the cryolite-fluoride salt bath at a tempera-
ture of 950° to 1000° C. Bayer alumina is soluble in a
cryolite-containing bath at a temperature of at least 900°
C. A fluoride-containing bath having a temperature
below about 900° C. will not readily solubilize ordinar-
ily processed Bayer alumina and, therefore, the alumina,
as a source of aluminum, cannot enter the reduction
reaction nor is it possible for the aluminum to be depos-
ited at the cathode.

2. Pertinent Art

Pertinent art is illustrated by the process described in
U.S. Pat. No. 4,257,855 (°855), which discloses an elec-
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trolytic cell for the production of aluminum metal in-
cluding a permanent hollow anode structure of corro-
sion-resistant material, with numerous perforations in
the base of the structure, a packed bed of consumable
carbon pieces supported by the base within the hollow
space of the structure, a molten cryolite bath, means for
adding fresh pieces of the consumable carbon to replen-
1sh the packed bed, and means for adjusting the depth of
immersion of the packed bed within the molten cryolite
bath so as to reduce voltage and energy requirements or
Increase the rate of aluminum production. The structure
in this disclosure is the current carrying the anode and
the carbon pieces are the supply of reducing material.

Pertinent art is further illustrated in International
Publication No. WO87/00170, which discloses a pro-
cess for the electrolytic reduction of aluminum from
alumina using a carbon cathode disposed in a molten
salt electrolyte solvent bath in which the alumina has
been dissolved and which has a density less than the
reduced molten aluminim. The steps of the process
include continuously providing a particulate, free-flow-
ing, high purity, and highly conductive carbon material
to the molten bath to serve as the anode. The particulate
carbon material has a density less than the molten bath.
An electrical connection is placed in contact with the
particulate carbon anode material and an electric cur-
rent 1s applied. Reduced aluminum is collected at the
cathode. The particulate carbon material is preferably
formed from desulfurized petroleum coke which may
be partially graphitized. The particulate material is re-
quired to have a lower density than the molten electro-
lytic bath such that it floats on the bath surface. It is also
preferred that the material be relatively nonreactive
with oxygen.

Pertinent art also includes U.S. Pat. No. 2,764,530
(’530), which discloses use of petroleum coke in an
aluminum electrolytic process, the coke having an ac-
ceptable level of specific resistivity of about 0.0019
ohms per cubic inch. The patent, however, discloses the
use of pitch with the petroleum coke and finds that use
of 100 mesh ground coal without the pitch has unac-
ceptably high specific resistance. The coal is ground
treated carbon tetrachloride and acid, and mixed with
pitch to achieve an acceptable level of resistivity.

SUMMARY OF THE INVENTION

Therefore, in view of the above, it is an object of the
present mvention to provide an improved electrode
apparatus for recovery of a metal from a metal oxide
ore.

It 1s a further object of this invention to provide an
energy efficient metallurgical process for recovery of a
metal from a metal oxide ore.

The method of supplying consumable particulate
carbon material to a metal-producing electrolytic cell of
this invention includes the steps of introducing particu-
late reducing agent material into a permanent hollow
structure to form a packed bed of particulate material
within the structure; submersing the lower portion of
the structure and of the packed bed in a molten salt bath
of the electrolytic cell; compressing the packed bed of
particulate material; and causing electric current to
flow into said packed bed and thence through said mol-
ten salt bath to a cathode of said electrolytic cell so as to
form the metal near said cathode.

The apparatus of this invention for the electrolytic
reductton of aluminum compounds to produce alumi-
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num metal includes a hollow structure formed with
numerous openings through its base and being adapted
to contain particulate, conductive reducing material
‘within its hollow space and supported by the base,
means for adding the particulate material and a means 5
for compressing the particulate material against the

structure.
BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated in the accompany- 10
ing drawings wherein:
FIG. 1 is a schematic embodiment of the electrolytic

cell of the present invention containing an electrode
being used as an anode and having a means for maintain-

ing the electrode in compression. 15

FIG. 2 is a second schematic embodiment of this
electrolytic cell of the present invention containing a
second means for supplying electric current to the par-
ticulate carbon material.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

As used throughout the detailed description, the term
“alumina” in general also covers metal oxides, and “car-
bon” in general also covers reducing agents. 25

Referring to FIG. 1 of the drawings, wherein an
electrolytic cell generally 10 for the electrolytic reduc-
tion of aluminum metal from an aluminous ore such a

20

. - alumina or aluminum halides is shown, cell 10 includes

a container 12 having a cathode collector bar 14 dis- 30
posed at the bottom of the cell. The cathode collector
bar 14 is insulated at the bottom surface thereof with
insulation 16. Disposed oppositely from insulation 16
and on the upper surface of cathode collector bar 14 is
a carbon cathode 18 which accommodates a pool of 35
reduced molten aluminum 20 therein. Floating on top of
the molten aluminum 20 is an electrolyte bath 22 and
immersed in electrolyte bath 22 is a hollow structure 30
which may be either tubular or, preferably, have a
square or rectangular horizontal cross-section conform- 40
ing to the shape of the electrolytic cell 10. Carbon and
alumina particles 24 fill most of the hollow space within
hollow structure 30. Perforations 31 through the base
34 of structure 30 permit the electrolyte bath 22 within
the electrolytic cell 10 to submerse the lower portion of 45
carbon and alumina particles 24 and thereby make elec-
trolytic contact with the submersed particle.

At the periphery of electrolyte bath 22, and where
the temperatures are lower, the electrolyte bath 22 is in
a frozen condition, as shown at 26, and may be covered 50
with a covering 28 of the frozen material 26 of the
aluminum compound which has also been dissolved 1n
the electrolyte bath 22. Means for supplying carbon
particulate material (not shown) provides the material
via inlets 36 and 38. The hollow structure 30 is provided 55
with a central rotating screw 32 therein for advancing
the carbon particulate material 24 and held within
sleeve 39 is a shaft 37 which is connected to screw 32.

Shaft 37 is also suitably connected to a source of
electric current (not shown) at terminal 34. Also, hol- 60
low structure 30 may be supplied with a gas collecting
skirt 40 which is preferably a truncated cone in shape
and is sealingly connected to the hollow structure 30.
The lower peripheral edges 42 of skirt 40 are embedded
in and covered by the metallic compound covering 28 65
which is disposed over the frozen electrolyte 26. Gases
generated by carbon particulate material 24 are trapped
beneath skirt 40 for collection and venting.

4

Alternatively, as shown in FIG. 2 of the drawings,
shaft 37 and screw 32 may be provided with a coaxial
electrically insulated aperture 44 in which is situated a
probe 46 for supplying electrical current to the particu-
late material 24. The probe 46 may be stationary or
rotating with the shaft 37 and screw 32. The probe 46 1s
connected to an electrical current source (not shown) at
terminal 48 and extends into particulate material 24, and

preferably into the electrolyte bath 22.

Alternatively, the container 12 may be insulated and
covered to engage skirt 40 or hollow structure 30 so as

to eliminate the cover 28 and the frozen electrolyie 26.
Preferably, this would eliminate external heating of the
electrolyte bath 22 or permit increased spacing between
the particulate material 24 and the cathode 18.

The reducing agent used in accordance with the pres-
ent invention is not limited to any particular material,
but could be any materials known to be effective to
react with oxide of the metal to be recovered in the
process. In the case of an aluminum chloride bath, the
reaction is aluminum oxide to aluminum chloride with
generation of an oxide gas. The reaction in the fluoride
bath is not clearly defined and it may be that the reduc-
ing agent reacts with the aluminum oxide to produce
aluminum ions.

Among the reducing agents that are particularly use-
ful for electrolysis of alumina and other metal oxides is
carbon. Carbon is particularly preferred because it has
the dual capacity of carrying current to the reaction site
of the aluminum oxide, as well as acting as a reducing
agent. A source of carbon in the intermixture can be any
organic material having a fossil origin such as coke, coal
or coal products.

The method and apparatus of this invention is partic-
ularly useful on alumina, A1,03, but it also could be any
aluminum oxide-bearing material such as bauxite or a
clay such as kaolin or other material which would react
at the anode to produce aluminum chloride or to be
reduced to molten metal, as in the fluoride cycle pro-
cess.

As shown in FIG. 1, the apparatus and methods of
the present invention use particulates of carbon, rather
than bulk-fabricated shapes of carbon as the anode of
material. The particular carbon particles which are
usable in the method of the present invention should
have suitable physical characteristics to provide the
needed operating requirements of the electrolysis pro-
cess. More specifically, the particulate carbon should
have preselected particle size ranges. Yet further, for
the purpose of conducting the improved methods of
electrolysis of the present invention, the particles of
carbon preferably should flow freely in the dry state.
The free-flowing particulates can be introducted into
the electrolysis cell as needed to maintain a steady state
electro-chemical reaction condition.

The base 34 of hollow structure 30 may consist of a
porous membrane for supporting the anodic material
and for providing a holding means against which the
anode material could be advanced into the electrolytic
bath to permit compression of the anodic particulates.
In the instance of the particulate materials, a screw type
conveyor would be most useful to advance the material.

The characteristics of particulate material 24 to be
used by the method described are extremely important
to the successful performance of the electrolysis cell.
The particulate material should have low electrical
resistivity to minimize the internal energy losses within
the current-carrying circuit. The particulate material
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should also have a relatively low thermal conductivity
to minimize heat losses through the column of particu-
lates and the electrode housing. Of critical importance
i1s the particle size of particulate material 24. The parti-
cle size of the particulate material 24 should range from
about 5 to about 50 mesh (W. S. Standard Sieve). Pref-
erably, the particle size should range from about 5 to
about 25 mesh. More preferably, the particulate mate-
rial should have a particle size range from about 10 to
about 20 mesh.

The anode material—that is, the particulates—of this
invention should be maintained under compression dur-
ing electrolysis. Preferably, the compression forces are
applied externally. The compression should be adequate
to deform the carbon particles t0 cause increased
contact area therebetween. Preferably, the compression
force is at least 5 psi, and more preferably the force is at
least 10 psi.

The rate of feeding reducing agent in the anode
should be maintained to cause the process to avoid the
anodic effect. In an aluminum process, the weight ratio
of reducing agent to aluminum oxide should be above
about 0.4:1. Preferably, for purposes of the present in-
vention, the rate of reducing agent feed should be about
0.5:1 to 0.7:1 by weight reducing agent to alumina.

The material for cathode 18 is preferably a carbon
block. To avoid electrolytic attack of hollow structure
30, its lower portion 9 in contact with molten cryolite is
preferably made of an electrically nonconductive re-
fractory material such as boron nitride or aluminum
nitride. The particulate carbon 24 is fed through hollow
structure 30 on demand.

In the prior art, the size and surface area of the parti-
cles making up the anode have not been disclosed to
have any sensitivity regarding reaction rate. It is an
important aspect of this invention, however, that the
size of the carbon particles be controlled such that the
electrical conductivity is maintained. It is another im-
portant aspect of this invention that the contact surface
area be controlled for the particulates. It is generally
desired to utilize a carbon reducing agent having a
surface area of between about 10 and about 125 meters
per gram.

It 1s therefore seen from the above that the present
invention provides an improved process and apparatus
for recovery of aluminum from aluminous ore by com-
‘bined metallurgical and electrolytical techniques. It is
also estimated that the capital cost for such a process is
about the same or slightly less than that of the conven-
tional Hall-Heroult process and that the process and
apparatus of this invention may be economically retrof-
itted into the current commercial Hall-Heroult process
apparatus.

It 1s understood that, although the present invention
has been described in terms of particular materials and
process steps, changes and modifications can be made in
accordance with known techniques and materials by
one skilled in the art within the scope of the following
claims. |

The invention which is claimed is:

1. An apparatus for the electrolytic reduction of me-
tallic oxide compounds to produce a metal comprising a
hollow structure formed with numerous openings
through 1ts base and being adapted to contain particu-
late, conductive reducing agent material within its hol-
low space and supported by said base, wherein the
lower portions of said hollow structure and of said
particulate material are immersed in a molten salt bath,
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and wherein said immersed lower portion of said hol-
low structure is made of an electrically nonconductive
matenal substantially resistant to corrosion in said mol-
ten bath; means for adding said particulate material; and
structural means operable within said hollow structure
for compressing and deforming said particulate material
against said structure.

2. The apparatus of claim 1 comprising means for
supplying current to said compressed particulate mate-
rial in said apparatus.

3. The apparatus of claim 1 wherein said electrical
source 1s applied via said structural means.

4. An electrode apparatus useful in an electrolytic cell
for electrodeposition of a metal from a molten electro-
lyte comprising:

a source of electrical current;

a cathode for the deposition of said metal;

an anode containing a reducing agent in contact with

an oxygen-containing compound of said metal; said
agent present in an amount sufficient to react with
said metal compound and to form thereafter said
metal at said cathode; said reducing agent having a
particle size between about 5 and about 50 mesh;
and

a structural means operable within said anode for

mechanically compressing and deforming said re-
ducing agent during said electrolysis.

d. The apparatus of claim 4 wherein said structural
means comprises a rotating screw positioned within said
anode.

6. The apparatus of claim 5 wherein said structural
means compresses said reducing agent to at least 5 psi.

1. The apparatus of claim 6 wherein said structural
means compresses said reducing agent to at least 10 psi.

8. The apparatus of claim 4 wherein the particle size
of said reducing agent ranges between about 5 and
about 25 mesh.

9. The apparatus of claim 8 wherein said particle size
of said reducing agent ranges between about 10 and
about 20 mesh.

10. The apparatus of claim 4 wherein said metal com-
pound 1is selected from a group consisting of alumina,
bauxite, clay, aluminum-containing oxides, and mixtures
thereof.

11. The apparatus of claim 4 wherein said reducing
agent comprises a carbon-containing compound.

12. The apparatus of claim 4 wherein said metal is
aluminum.

13. A process for electrolytically depositing a metal
from a molten electrolyte comprising the steps of intro-
ducing particulates of a reducing agent into a container
immersed in said molten electrolyte, providing an elec-
trical current to said particulates of said reducing agent;
and compressing said particulates to a pressure suffi-
cient to deform same while said electrical current is
being applied; said reducing agent having a particle size
between about 5 and about 50 mesh.

14. The process of claim 13 wherein said pressure on
said particulates is at least about 5 psi.

15. The process of claim 13 wherein said pressure on
sald particulates is at least 10 psi.

16. The process of claim 13 wherein particle size of

said reducing agent ranges between about 5 and about
25 mesh.

17. The process of claim 16 wherein said particle size
of said reducing agent ranges between about 10 and
about 20 mesh.
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18. The process of claim 13 wherein said metal com- 19. The process of claim 13 wherein said reducing

. . : agent comprises a carbon-containing compound.
pound is selected from a group consisting of alumina, 20. The process of claim 13 wherein said metal is

bauxite, clay, and other aluminum-containing oxides, aluminum.

and mixtures thereof. 5 ® % X X %
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